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SYNOPSIS 

A dendroclimatological study of a specimen of Podocarpus falcatus with a life-span of 596 years 
is described. It is noted that the dominant pattern of rainfall oscillation for the summer-rainfall 
region of South Africa, revealed by analysis of rainfall statistics for the nineteenth and twentieth 
centuries, is also a feature of the prehistoric period. Other, less regular, trends are also described. It is 
suggested that these data add a further perspective to the understanding of late prehistoric and early 
historic human adaptations in Natal and Zululand. 

INTRODUCTION 

Archaeologists working in southern Africa have previously had only circumstantial 
evidence for climatic changes in the post-Pleistocene period, and have, in conse¬ 
quence, been forced either to rely on extrapolation or to assume a general climatic 
stability for the Holocene. Lack of evidence for climatic parameters is unfortunate 
in any ecological study, and this is particularly so where the concern is with societies 
supported by a farming economy. For, in general terms, increasing specialization in 
plant and animal husbandry may be seen as a move from the highly diversified, and 
hence comparatively stable, ecosystem of the hunting and collecting society towards 
the instability of specialist agricultural practice (Odum 1971). In such a situation even 
minor shifts in climatic parameters must achieve an ever-increasing importance, since 
the price paid for the investment of time and labour in husbandry is necessarily a con¬ 
comitant loss of flexibility to adapt to changed circumstances. Working from the 
assumption that a knowledge of comparatively small-scale changes in the circum¬ 
stances of Iron Age populations may be central to an understanding of their ecology, 
this paper is an attempt to plot the changes in precipitation for Natal and Zululand* 
over the past 650 years, and to outline some historical implications of such changes. 

PRECIPITATION FLUCTUATIONS IN THE NINETEENTH AND 
TWENTIETH CENTURIES 

Although recent trends in southern African precipitation have been much studied 
in the past, there has been little consensus of opinion until recently. For instance, 
Nevill (1908: 1531) maintained that ‘the weather of Natal shows a distinct eighteen- 
year periodical fluctuation in rainfall similar to that which has been traced in so 
many other parts of the world’, although Schulze (1965: 267) concluded ‘that there 
are undoubtedly long-term fluctuations in the rainfall but that these are extremely 

*In this paper, Zululand is defined as the area to the north of the Tugela and Buffalo rivers, to 
the east of the Orange Free State, and to the south of the Transvaal, Swaziland and Mozambique. 
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irregular and mathematical analysis . . . shows that no regular cycles exist and that 
no significant alteration has taken place in the rainfall regime since measurements 
are available’. Kokot (1948) reached a similar opinion as the result of a study which 
combined the evidence of recorded rainfall statistics and the accounts of early settlers 
and travellers. Nevertheless, detailed statistical analyses carried out in recent years 
have provided convincing evidence for pronounced oscillations in precipitation 
within the summer-rainfall region of South Africa (Tyson 1971, 1972; Tyson, Dyer 
& Mametse 1975; Tyson & Dyer 1975). Tyson, Dyer & Mametse (op. cit.) analysed 
the rainfall statistics from 318 meteorological stations for trend, serial correlation 
and spectral characteristics and concluded that although there is no evidence for a 
progressive decline in South African rainfall, there are clear indications of oscillations 
which vary geographically. Tyson & Dyer (op. cit.: 105) have examined in detail 
such fluctuations within the summer-rainfall region and concluded: ‘of all the long 
period oscillations the quasi 20-year is the most strongly developed. Except for small 
areas on the southwestern Transvaal/Orange Free State border and in the Transkei, 
the whole summer rainfall region exhibits this oscillation.’ Their detailed conclusions 
are shown in figure 1. 

However, despite the consistency of such results, the problem of assessing climatic 
parameters for the prehistoric period remains. Detailed climatic records are available 
for Natal only from the end of the nineteenth century, and were not begun for Zulu- 
land until well into the twentieth. As Tyson and his colleagues have repeatedly pointed 
out, discernible patterns, although persistent, are weak. In the absence of data for 
the period before climatic statistics are available, we should not merely assume that 
the variations of the last seventy years have been a dominant attribute of the climate 
for the last half-millennium. With a view to these difficulties of extrapolation it 
becomes particularly important to find an independent source of data. Such informa¬ 
tion may be provided by means of dendroclimatological analysis. 

DENDROCLIMATOLOGICAL EVIDENCE FOR PREHISTORIC PRECIPITATION 

PATTERNS 

Dendroclimatology has been defined by Fritts (1971: 420) as ‘dendrochronological 
studies that use climatic information in dated growth layers to study variability in 
present and past climate’. Initial problems in instigating such investigations in Natal 
and Zululand are the apparent scarcity of trees sufficiently long-lived to provide 
information on the prehistoric environment, and the lack of information on the 
suitability of the indigenous arboreal flora for dendroclimatological work. However, 
in 1916 the Natal Museum obtained from the Karkloof Forest a section from the stem 
of an exceptionally large specimen of the indigenous Yellowwood, Podocarpus 
falcatus, which had been felled in the same year on Mr P. J. Burdon’s estate some 
25 km north-east of Howick, Natal. The Director of the Natal Museum, Dr Ernest 
Warren, requested a section of the bole since ‘the distance between the annual rings 
would constitute an interesting record of dry and wet seasons for a prolonged period’ 
(letter to Hubert Shaw, 13.5.1916). The section was cut approximately 1,5 metres 
above the level of the ground, and at its widest point its diameter is 1,6 metres. Initial 
examination showed that the specimen* had 597 growth rings, an indication that 
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growth began in the early fourteenth century a.d., and continued through important 
phases of the late prehistoric and early historic Iron Ages. Furthermore, it was clear 
that there was a considerable degree of variability in annual growth increment, which 
suggested that the specimen fulfilled the basic dendroclimatological principle of 
sensitivity (Stokes & Smiley 1968: 9-11). Further support for this assumption was 
provided by the nature of the immediate environment of the Yellowwood. Although 
it was not possible to fix the precise point at which the tree grew, it was clear that 
this was in the upper catchment area of a tributary to the Mpolweni River (fig. 2). 
The topography here is broken, with stream-beds cutting deeply into south-facing 
hill-slopes. Annual growth increments of trees located in such environments are 
more likely to reflect climatic changes than specimens from valley bottoms, where 
consistently high water tables are liable to render growth patterns ‘complacent’ 
(Stokes & Smiley op. cit.: 9-11). Such initial observations were sufficient to suggest 
that a detailed analysis of this specimen would be justified. 

Firstly, the section was cleaned and sanded until the annual rings were clearly 
visible. A transect was marked between the pith and cambium at the point where this 
distance was greatest, and a scale was fixed along this line. As the fragility of the 
specimen prevented its movement to the laboratory, a series of twenty photographs 
was taken along the transect. These were enlarged to x 3, and the annual increments 
of growth recorded microscopically by means of a measuring eyepiece, at a further 
magnification of X 10. This method allowed measurement with an accuracy of 
± 0,03 mm. The raw data were plotted as a histogram, and as oscillations were 
apparent the readings were smoothed through the calculation of seven-year running 
means (Tyson 1971). Further analysis, using the statistical methodology described 
by Tyson & Dyer (1975), will be conducted; in the meantime, these preliminary 
findings are presented for discussion. It should be stated that this study represents 
only a first attempt at dendroclimatology in Natal and Zululand. In future work 
it will be necessary to obtain and cross-date a large number of specimens in order 
both to ensure a precise chronology, and to eliminate ‘statistical noise’ through the 
averaging of growth increments (Stokes & Smiley op. cit.; Fritts 1971). 

An initial stage in the analysis of dendroclimatological data is to establish the 
principal factor determining tree growth. This procedure depends on the ‘Law of 
Limiting Factors’ which states that a biological process, such as growth, cannot 
proceed faster than is allowed by the most limiting factor (Fritts op. cit.: 424). In the 
present case, there would seem to be reasonable a priori grounds for assuming that 
this factor is precipitation; Karkloof is subject to only occasional frosts and low 
temperatures (Phillips 1973: 97), while the Natal climate in general is characterized 
by pronounced seasonality in rainfall. This assumption is supported by the pattern 
of growth increment revealed by the Podocarpus specimen. The pattern of oscillation 
derived by Tyson from the summer-rainfall area, with periods of a length falling 
between 16 and 20 years, is clearly visible (fig. 3). In addition, Gillooly (1975) has 
studied the pattern of growth increments of a number of trees in the Rustenberg 
district, Transvaal, and has found a strong correlation with annual rainfall over the 
past 60 years. Furthermore, the years of exceptionally low tree growth in the nine¬ 
teenth century, which occur at the beginning of the century, in the early 1820s, in 
the late 1840s and in the early 1860s (fig. 3), all correspond with severe famines recalled 
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Fig. 2. (a) Map of Natal and Zululand, showing the position of the Karkloof Forest. 

(b) Map of a sector of the Karkloof Forest, showing topography, drainage and the area 
from which the Podocarpus specimen was obtained. 
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Fig. 3. Histogram to show variability in annual 
growth increment in the Podocarpus 
specimen since the early fourteenth 
century. The data have been smoothed 
by the calculation of seven-year running 
means. 
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by informants questioned by Stuart and Bryant (Bryant 1929: 44, 63, 88; Webb & 
Wright 1976). It would seem reasonable to assume that a major cause of these famines 
was low rainfall.* Thus the evidence, although circumstantial, supports the argument 
that variations in the growth increments in the Podocarpus specimen may be taken 
as an index of prehistoric precipitation fluctuations. Furthermore, the generality 
of the dominant oscillations within the summer-rainfall region (Tyson & Dyer 
op. cit.: fig. 1), and the fact that the famines of the nineteenth century would seem 
to have been effective over the full extent of Natal and Zululand, suggest that it is 
reasonable to apply the findings from the Karkloof Forest to a larger part of the 
summer rainfall region. 

CHANGES IN PRECIPITATION AND THE LATER IRON AGE 

Sahlins (1972), in a general analysis of primitive economic systems, has stressed 
the importance of limiting factors in subsistence production. He points out that a 
general review of the literature concerned with such systems suggests that the maxi¬ 
mum productive potential of the land is rarely reached, since some limiting factor 
(such as the inefficiency of one domestic unit within the community) will interpose 
to prevent this achievement. Unfortunately, it is not possible to analyse historic 
Nguni economics at such a detailed level, since the information available is insub¬ 
stantial. Nevertheless, dendroclimatological data allow an estimation of variations 
in one important limiting factor—rainfall. 

In the environment of Natal and Zululand, there is always a certain proportion of 
land which is only marginally suited to agricultural exploitation, since in drier years 
these areas receive less than sufficient rainfall for crop plant cultivation: for example, 
the iTshetshe, iDudusi^ and uGedle soils of the upper hill-slopes and higher lands 
(Bryant 1949: 300). The status of such lands may be expected to change with the fluctu¬ 
ating rainfall regime, so that in years of above average rainfall a large proportion 
of the marginal land would be suitable for agriculture, while in the drier than normal 
years it would be rendered totally unusable. Therefore, in this particular sector of the 
Nguni economic system, we may suggest that the low points of the 16 to 20-year 
summer-rainfall oscillation were important limiting factors in the long-term adaptive 
strategy, since in these years agricultural production would be restricted to the 
optimum land and total yield would be low. As Sansom (1974: 153) has shown, 
Nguni technology does not allow for efficient storage of large quantities of grain, 
and it would consequently not be possible for the subsistence farmer to store in good 
years in order to insure against the bad. Similarly, although cattle may be ‘herded 
out’ to kinsmen and others in order to avoid loss in the case of local veld failure 
(Sansom op. cit.), any general decline in the grasslands due to low rainfall must 
also have led to a decline in the quantity of secondary products produced and, if 
sustained, the necessity of slaughtering capital herds for consumption. Thus we 
may suggest that in a situation where rainfall is fluctuating with a fairly constant 
deviation above and below the mean, such as the period between the early seventeenth 
and mid-eighteenth centuries (fig. 3), population density over a sustained period will 
be limited to the maximum that may be supported in the least productive years. Such 

*Bryant (op. cit.: 43) specifically refers to the Qina lika Mbete drought of the late 1840s. 
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an adaptation may be achieved either through conscious avoidance of any over¬ 
reliance on the marginal lands, or through periodic increases in the death-rate due to 
malnutrition. 

Such, it is here suggested, would have been the situation until the mid-eighteenth 
century. However, from this time onward, figure 3 clearly shows a persistent ameliora¬ 
tion in the rainfall regime. Within each cycle, the low points (in 1755 and 1774) were 
noticeably less acute than their immediate predecessors, and it is consequently logical 
to expect the proportion of marginal land to decline, the effect of the limiting factor 
to slacken and the level of agricultural production to increase. By the beginning of 
the last decade of the century, it is reasonable to suppose that population density 
would have increased in response to the new conditions. However, immediately 
after the exceptionally wet period between 1787 and 1789, the trend was reversed. 
A sharp decline in rainfall culminated in the droughts of the early nineteenth century. 
The combination of a sharp decline in productivity and a relatively high population 
density culminated in the Mahlatule famine, still remembered at the end of the nine¬ 
teenth century as one of the most severe in Natal and Zululand (Bryant 1929: 63, 
88; Webb & Wright op. cit.). 

A further factor influencing the economic prehistory of eighteenth-century Zulu¬ 
land was the introduction and spread of maize (Zea mays). As there is yet little ground 
for abandoning the theory that maize was brought io Africa from America via Europe 
and Columbus (Miracle 1966), the earliest possible date for the presence of the crop 
in southern Africa is 1493. It would seem that the Portuguese began to visit Delagoa 
Bay (the nearest natural harbour to Zululand) regularly from the mid-sixteenth 
century to trade in ivory, sometimes staying in the vicinity for a year or so (Axelson 
1973). However, it would seem likely that maize was introduced only when permanent 
settlement was established, as the crop was then grown for provisioning ships on the 
Indian trade route (Miracle op. cit.; Axelson op. cit.). As such stations were not 
established until the early eighteenth century (Smith 1969), it would seem a reasonable 
assumption that the crop was not generally available in Zululand before this date. 
Further evidence supports the suggestion of an eighteenth-century introduction; 
Stuart’s informant, John Gama, stated in 1898 that maize was grown only in small 
plots as an autumn food when he was young, and that the old men of his childhood 
knew maize as a recent introduction. Similarly Sivivi, in 1907, told Stuart that the 
Hlubi had taken to cultivating maize only ‘in later years’ (Webb & Wright op. cit.). 
Bryant (op. cit.: 105, 284-5, 319, 376) states both that maize was not cultivated in 
Natal before the late eighteenth or early nineteenth century, and that the Ngwane 
and neighbouring Sotho tribes had no knowledge of the crop until the late 1830s. 
Thus, although the evidence is circumstantial, it would seem to point to a gradual 
spread of maize cultivation southwards from Delagoa Bay from the mid-eighteenth 
century onwards, with adoption in peripheral areas only towards the end of the 
century or early in the next. 

Such a suggestion is supported by the dendroclimatological evidence. For although 
maize has a higher yield than sorghum (the staple crop which it gradually replaced), 
it demands wetter conditions than the latter and is thus the less reliable resource in 
any circumstance where there is a question of poor rainfall. As we have seen, the 
second half of the eighteenth century saw a persistent amelioration in the climate 
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of Natal and Zululand; thus it would seem likely that maize was introduced during 
this period in many areas which were formerly marginal, but had now become suitable, 
for the new crop. Such a process could further have boosted the agricultural produc¬ 
tivity of those years, and made the ensuing reversal of the trend proportionately more 
of a catastrophe. 

The significance of this rainfall pattern, and its consequent effect on agricultural 
production, becomes apparent when it is set against social and political developments 
in nineteenth-century Zululand and Natal. The first quarter of the nineteenth century 
saw the culmination of a process of confederation among the Nguni chiefdoms, in which 
clans such as the Hlubi, Ngwane, Ndwandwe, Mthetwa, Qwabe and others emerged as 
forces dominating large tracts of territory and numerous small subordinate clans. 
From this power struggle, Shaka and the Zulu State eventually emerged supreme. 
A number of historians have been concerned with the processes behind these events, 
and several have argued that the push for expansionism was some form of economic 
stress. For instance, Gluckman (1960) suggested a population crisis, while Marks 
(1967) pointed out that the combination of maize cultivation and an erodable land¬ 
scape structure could have resulted in soil deterioration and therefore a production 
crisis. Daniel (1973) on the other hand, stressed animal husbandry rather than plant 
cultivation, and suggested that the expanding polities achieved an advantage from 
their control of the area between the winter lowlands and the summer highveld, an 
argument which Guy (n.d.) has extended, suggesting that the impetus for such expan¬ 
sion was the Mahlatule famine of the turn of the century. The dendroclimatological 
data presented in this paper add support to the theory that centralization in Zulu¬ 
land emerged from economic crisis, and, in particular, serve to underline the sug¬ 
gestion that the Mahlatule famine was a dominant event in pre-Shakan Zululand. 

CONCLUSIONS 

As Sahlins (op. cit.: 139) has pointed out, traditional subsistence agriculture in 
southern Africa may be seen as a process of evaluating risk. Dendroclimatological 
analysis confirms that the oscillations in precipitation dominant in the twentieth 
century were also an attribute of the prehistoric period; thus the idealized model 
for later Iron Age exploitation patterns in this environment must allow for an adapta¬ 
tion in husbandry for the risk of relatively dry years recurring regularly and with 
consistent severity. Overriding such an adaptation, however, are the irregular or 
extremely secular trends in climate, which must tend to upset the equilibrium of the 
ideal model. 

Such a situation would seem to have developed in the late eighteenth century. 
A strong, persistent trend towards increased rainfall would probably have increased 
the productivity of the environment, encouraged the exploitation of both grazing 
and agricultural areas which were formerly marginal, and resulted in a consequent 
increase in the human population density. Furthermore, the wetter conditions would 
have encouraged an ever-increasing dependence on maize as a staple. In consequence 
the sudden reversal of the trend in the late eighteenth century, with the climax of a 
run of particularly dry years in the early nineteenth century, would most likely have 
resulted in an acute crisis of production, which may well have served as a trigger for 
the political processes of nineteenth-century Zululand and Natal. 
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